A canker disease caused by Godronia multispora Gro es on Betula verrucosa Ehr. and B . pubescens Ehr. was described . The disease occurred most frequently in drained peatlands. B . pubesc ens was more resistant to the disease than B . verrucosa.
Introduction
A formerly unknown disease was observed on young birch trees ( Betula verrucosa Ehr. and B. pubescens Ehr ) in the spring of 1964 at Kivisuo, an area with forest fertilization experiments set up by the Department of Peatland Forestry, Finnish Forest Research Institute. Kivisuo is situated in the parish of L eivonmaki in Central Finland. The present paper describes the disease and the fungus causing it as well as their occurrence and distribution in Finland.
On the young trees that suffered from the disease a fungus belonging to the genus Godronia was usually found . As GROVES ( 1965) , from the Plant Research Institute, Ottawa, Canada, had published a paper on the genus Godronia, samples of the infected trees were sent to him for more detailed examination. According to the identifications made by Groves, the fungus found on the samples was Godronia multispora Groves. Prior to the publication of GRovEs's ( 1965) taxonomic study, the fungi of the genus Godronia appearing on birch were usually determined as belonging to the species G. urceolus (Alb. & Schwein. ) Karst. (e.g. REHM 1896 , 1912 , CASH 1934 , SEAVER 1945 , GREMMEN 1957 , 1963 . According to GROVES ( 1965 ) , at least two species have been referred to with this name, and as the first species description is dubious and as there exists no type specimen, the name G. urceolus (Alb. & Schwein. ) Karst. should not be used anymore. In his study of the genus Godronia GROVES divided the fungus into three different species occurring on birch, namely G . cassandrae Peck f. betulicola Groves, G. urceolus (Schmidt ex Fr. ) Karst. and G . multispora Groves and into some other species which occur on Ribes.
The pathogenicity of Godronia fungi to birch has not been known for any long time . SMERLIS (1968 SMERLIS ( , 1969 indicated that G. cassandrae f. betulicola may cause cankers on Betula alleghaniensis Brit., B. papyrifera Marsh. and B. populifolia Marsh . In Canada it has also been established that G. multispora occurs in association with cankers on B . papyrifera (MARTINEAU and LAVALLEE 1971 ) .
In Finland, KARSTEN ( 1871) has been the only one to publish something on the occurrence of Godronia fungi. According to GROVES ( 1965) , the question is about G. urceolus (Schmidt ex Fr. ) Karst. In the collections of the Finnish Forest Research Institute there is a number of Godronia specimens collected by Prof. Viljo KuJALA, which have been partly examined by GRO\ ES ( 1965 ) . None of the specimens examined however, were representative of a species which uses birch as host.
Material and Method of the Study
The new disease which had been found on young birch t11ees was studied at its di'fferent stages of development from samples taken at Kivisuo. In order to establish the distribution of the disease samples were collected in various parts of the whole country. The morphology of the infected tissue and of the causal agent were studied from microtome sections. The sections were treated using the dying method presented by DRING ( 1955 ) .
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Hyphae of Godronia multispora were isolated from dead bark by transferring tissue aseptically onto agar. Monospore cultures were obtained both from conidia and from ascospores. The medium used was Hagem agar, which contained 5 g glu cose, 5 g malt extract, 0.5 g KH 2 P0 4 , 0.5 g MgS0 4 , 0.5 g NH 4 Cl, 1 ml FeCl solution ( 1 %), 15 g agar, and 1000 ml distilled water.
The pathogenicity of G. multispora was studied by inoculating hyphae from the cultures onto young birch trees. The inoculations were performed using the cork borer method described by WRIGHT ( 1933 ) . Using a borer with a diameter of 4 mm a hole was made in the bark, which had been cleaned in advance with ethanol. Hyphae of the fungus were transferred into the hole from a culture in a petri dish, and then the removed piece of bark was replaced and fastened tightly to the stem by means of cellophane tape.
At l'! ·he panhogenicity tests were performed on healthy young trees of Betula uerrucosa and B. pubescens growing on mineral soil. At the inoculation points the stem diameter varied between 1 and 3 em.
The temperature requirements of G . multispora were studied by germinating its Topospora conidia on 5 % water agar and cultivating the fungus at temperatures of 5, 10, 15, 20, 25, and 30°C. After 15 days' incubation the radius of the colonies (that had developed ) in the petri dishes were measured. In the germination experiments the conidia were considered as having germinated when a swelling was observed which differed in shape from the normal shape of the spore and which had a width at least equalling that of the spore.
Description of the Disease

Symptoms
In the Kivisuo area, where the development of the disease was studied in detail, cankers occurred on young trees both of Betula uerrucosa and of B. pubescens (Fig. 1) . In springtime suckers that had died at the age of 1-2 years were found in abundance ; they had probably been infected after the cessation of the growing season of the preceding year. In some cases the extension of the cankers continued during the growing season, leading to strangulation and wilting of the young trees. In nature the infection seemed usually to have taken place through mechanical injuries on the periderm or through buds. In many cases the primary infection had taken place in small branches, from which necrosis then had spread to the stem. In unfertilized and in slightly fertilized sample plots stunted young trees occurred in abundance, and where this was the situation most of the oneyear-old suckers died during their first dormancy season (Fig. 1) . The root collar of these trees could be even as much as 10 em below the upper surface of the moss layer. Usually no damages were found on the part of the stem which was imbedded in the moss vegetation or on the root systems.
The widening of the cankers was largest in the period of dormancy of the birch. During the growing sea on the trees tried to prevent the disease from spreading in the bark by producing secondary phellem around the dead tissue ( Fig. 2) . A pathologic secondary cork cambium can be formed out of almost any primary bark tissue apart from stone cells and fibers. In conjunction with the formation of secondary phellem a hypertrophic thickening of the bark occurred which was due to the fact that the secondary cork cambium produced cork cells outwards and phelloderm cells inwards (Fig. 2 ) . It has been established that the primary cork cambium of healthy bark almost solely produces oork cells outward (cf. HoLDHEIDE 1951, FREMER 196 7) . In the nearest surroundings of the necrotic tissue the bark fibers occuring in tissue which was still alive could become encased by cork tissue; this phenomenon could be seen in rhe cross section in the form of detached cork rings around fibers (Fig. 2) . There is the possibility that these fiber cells have been in direct contact with the dead tissue, and that this would be the reason for the formation . SoRAUER ( 1907) found that similar cork rings form around the fibers in conjunction with frost cracks in wood.
From the young cankers Topospora pycnidia of G. multispora (Fig. 3) were found in the late fall and in the spring. In old cankers and on dead suckers apothecia of G. multispora developed during the late summer ( Fig. 3 ).
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Godronia multispora
Perfect State
The apothecia of Godronia multispora emerged from under the cork tissue of birch trees. Sometimes apothecia were found growing on suckers from which the bark had fallen off. The apothecia had a width of 0.5-1 mm, and they were usually sessile. During dry spells the edges of the apothecia were folded inward, but when they got wet, they opened taking a cupular or urceolate shape (Fig. 3) . The apothecia were reddish brown to black and slightly furfuraceous or longitudinaHy striate. They were either separate or caespitose. With regard to their external features the apothecia now examined corresponded completely to those described by GROVES ( 1965 ) , and this was also true for uhei• r internal structuTe, which was studied from microtome slides (Fig. 3) .
The asci were cylindrical of slightly clavate. The size of the asci that were measured (Table 1 ) was in full accordance with the figures presented by GROVES ( 1965) . The ascospores of this fungus were long and narrow and septate ( Fig. 3 ) . Their length was 60-80 1-.l and their width 2-3 1-.l· According to GROVES ( 1965) the ascospores of G. multispora divide into short cylindrical or elliptical cells with a size of 5 -9 x 2 -3 1-.l· These, in turn, develop into conidia. From the samples examined in conjunction with the present study multispored asci of the kind described by GROVES ( 1965) were found. Likewise, a type of formation of conidia from ascospores differing from that described was observed. The conidia, which had formed from ascospores either inside or outside the asci, had a size of 2 -5 x 1 -2 1-.l· In the case of some samples the primary ascospores had grown out from the apex of the asci by producing conidiophores and conidia of the kind mentioned from two or three of their apical cells ( Figs. 3 and 4 ). When the formation of conidia now continued, it seemed that the walls of the asci gradually disappeared, the spores remaining attached to the hymenium as branched bundles. Besides from the apical cells and from basal cells iormed from them, conidia could also be formed from the central cells of the ascospores. The first basal cell usually developed at the apical cell of the ascospore. This basal cell, in turn, was capable of forming a conidium, and in most instances, one or more secondary basal cells. In this way a branched conidiophore gradually developed at the tip of the spore (Fig. 4 ) . The size of the basal cells was 5 -15 x 2 -4 !J., and they were often slightly swollen at the tip. The formation of basal cells caused inaccuracy to the measurement of the length of ascospores. A formation ~f conidia from ascospores has not been established in the case of other Godronia species ( cf. ScHLAPFER-BERNHARD 1968 , ERIKSSON 1970 . In many fungi belonging to the family Geoglossaceae, on the other hand, such formation of conidia is a generally kno· wn phenomenon (MAINS 1955 , 1956 , GEITLER 1958 , BERTHET 1969 .
The perfect state of Godronia multispora ( apothecia ) was found in nature during the late summer and fall. In particular the samples collected in septem~er had ascospores forming conidia.
Conidial states
The pycnidia of Godronia multispora had a width of 0.5-1.5 !J., growing erumpent from under the cork tissue of the bark (Figs. 3 and 5). They were black and often glossy. The central parts of the pycnidia were hyaline and one-or two-chambered. Macroconidia were formed in branched, septate conidiophores, the length of which was 20-50 ft· The conidia, which usually had one septum, were hyaline and had a fusiform to elliptical shape ( Figs. 5 and 6) . The size of the conidia was (2.0) 3.0-4.5 (5.5) X (8.0) 11.0-16.0 (18.0) !J.·
The fungus (also the monos pore cultures with ascospor'es) produced conidia-forming pycnidia about three months after transfer on Hagem agar. The size of the conidia of t!he pure cu<ltures did not differ to any sigrficant extent from that of natural conidia 20 jJ l rig. 6. Godronia multispora. A ) Conidiophore and two conidia from Topospora pycnidium. B ) Microconidia and conidiophores. and the slight differences occurring between individual samples might have been due to the fact that those which had been collected from nature were not all representative of exactly the same stage of development. According to GRovEs ( 1965 ) the macroconidia-forming pycnidia of the genus Godronia belong to the imperfect genus Topo-spoTa Fr.
There is also a conidial state in G. multispora during which microconidia are formed. The formation of conidia from ascospores can be considered as one of its form of manifestation. Conidiophores with a structure similar to those formed from ascospores were frequently found during the period June-July ; they occurred as bundles on the hymenium of apothecia under development. The microconidia formed corresponded both in size and shape to those formed from ascospores. They were one-celled and slightly curved, and most of them had a somewhat irregular form (Figs. 5 and 6 ) . The inner part of microconidia that had been treated with safranin was not evenly stained. Fig. 7 shows the effect of temperature on the germination of macroconidia of Godronia multispora. Six hours after the beginning of the experiment no signs of germination could be observed at any temperature covered by the experiment. The first germinated conidia were observed twelve hours from the start of the experiment. Germination was fastest at temperatures' of 20-25°C. After 24, and especially after 48 hours, the differences between the numbers of germinated conidia at different temperatures had leveled out, being 100 % in almost all cases. Only in the case of a temperature of 5°C was the percentage germinated conidia about 80 % 48 hours from the beginning of the experiment.
Effect of temperature on the growth
The fastest germ tube growth was recorded for the temperature of 20°C. At 15° the growth was faster than at 25° (Fig. 7) .
A temperature of l5°C seemed to be best for the gro-wth of the hyphae of the fungus in petri dishes (Fig. 7) . At 30° no growth was recorded. At low temperatures the growth was rather strong, and the hyphae could be observed to grow still at temperatures as low as 2-3°C. 
Pathogenicity
The pathogenicity tests carried out with the hyphae of Godronia multispora led to positive results in cases when the inoculation had been performed in October or April into wounds caused to the bark. Inoculations which were performed in July and August gave altogether negative results. This was also the situation in the case of the controls; here the inoculations were performed either using hyphae of Godronia on intact bark or using sterile agar on wounded bark. Fig. 8 shows necrosis in Betula verrucosa, caused by spreading of the infection from the inoculation wound. The inoculations in question were performed in the early April 1967, and the results were measured and photographed in the fall of the same year. In all places which were inoculated with the hyphae of G. multispora, necrosis occurred, whereas all the wounds which were used for the control were overgrown to an advanced degree already in the next September. The average size of the cankers covered by the experiment (20 inoculations ) was 40.5 x 14.5 mm in the case of Betula verrucosa and 22.8 x 12.0 mm in the case of B. pubescens. The experiment was repeated on April 3 the following year, with similar results (Table 2) . Necrotic tissue became distinguishable after one or two months, when diameter growth had initiated. Necrosis did not extend during the growing season. The extention of the cankers during the following two dormancy periods was of no great importance either, and they began gradually to become overgrown. The resistance reactions of the young birch trees used in the exeriments were thus evidently strong enough to stop further spreading of the fungus . Nevertheless, as late as two years after the inoculations Topospora pycnidia of G. multispora were still found from the cankers, and it was possible at that time to isolate the fungus both from the cankers and from the dead tissue.
Susceptibility of Betula verrucosa and B. pubescens
In the experimental area at Kivisuo as well as in a drained peatland area in the southern part of the province of Harne, the Aittoniemensuo in Loppi, the condition of young trees both of Betula verrucosa and of B. pubescens was examined. B. verrucosa showed to be clearly more susceptible to the disease caused by Godronia multispora than B. pubescens. The results of the inventory performed are presented in Table 3 . In the pathogenicity tests the cankers formed were appreciably greater in B. verrucosa than in B . pubescens. The latter species seems consequently to be capable to inhibit more efficiently than the former the spreading of the pathogen into the tissue surrounding the inoculation point.
Occurrence and Distribution of the Disease and of Godronia multispora
The disease which has been de cribed in the present paper and the fungus associated with it, Godronia multispora, seem to be of frequent occurence in young birch stands growing on peat. The commonest ha:bitats of the disease seemed to be drained peatlands and the paludified edges of mineral land areas. Particularly in northern Finland, G. multispora was also found on stunted young birches on poor sandy soils. A few samples of birch seedlings suffering from the disease and of Godronia multispora have also been found from nurseries. The type specimens of G. multispora collected in Canada come from black spruce bog (GROVES 1965 ) .
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The range of Godronia multispora is of course rather poorly known. In Canada the fungus has been found from Ontario ( GR:o-VES 1965 ) and from Quebec (MARTINEAU and LAVALLE 1971 ) . In Europe there is one specimen from Germany and one from Latvia (USSR) (GRoVES 1965) . In Finland, according to the material presented in this paper, G. multispora seems to be fairly common ( Fig. 9 ) . As mentioned in the foregoing, its occurrence is limited, however, primarily to peatlands and paludified mineral soils.
Discussion
The study showed that Godronia multispora is common in young birch stands growing on peat and paludified mineral sols. The inoculation experiments carried out with the hyphae of the fungus indicated its pathogenicity. The infection following inoculation led to necrosis, although this was the case only during the dormancy period of the birch in the fall and early spring. Evidently the capacity of birch to inhibit spreading of the hyphae of Godronia that have entered the bark tissue is rather poor except during the growing season, when the trees are active. The results obtained from the inoculation tests corresponded well to those obtained in the case of other Godronia species (SMERLIS 1968, WEINGARTNER and KLOs 1969) . The fact that an infection could be brought about merely by breaking the bark of healthy trees is probably an indication that mechanical resistance is an important factor in the fight against the disease in the bark of birch. Snow may be of importance for the spreading of G. multispora to suckers of birch. With its weight snow may cause mechanical damage to buds and break the branches at their base. In the spring the alternating freezing and melting of water and ice may also be a source of necrosis at the base of young trees ( cf. Ere HE 1966 ) , and in such cases it is possible tnat Godronia can complete the damage . Infection may also take place through leaf scars.
The results obtained from the pathogenicity tests and the cultivation of hyphae indicated that Godronia multispora thri es at relatively low temperatures (see pp. 10-12 ) . With regard to its temperature amplitude the species is comparable to Phacidium infestans Karst. ( cf. BJORKMAN 1948) . G: cassandrae Peck, which is pathogenic to cultivated cranberry, grew best at a temperature of 20°C , but a weak growth was recorded even at 0°C (SHEAR, STEVENS , and BAIN 1931 ) . In the experiments performed by ScHLAPFER-BERN-HARD ( 1968 ) , the optimum temperatures with regard to the growth of hyphae of Godronia species were 18 and 21 °C .
In the identifications of the pathogen performed in conjunction with the present study from samples taken from nature, only Godronia multispora was found. It is possible, however, that two more species occur on young birches in Finland, namely G . cassandrae f. betulicola and G. urceolus, the former of which has established itself as a pathogen in Canada, according to studies performed by SMERLIS ( 1968 SMERLIS ( , 1969 .
It was established that Godronia multispora causes the disease both to Betula verrucosa and to B . pubescens. With regard to the symptoms of the disease, no differences could be observed between the tree species in question. B. pubescens, however, was clearly more resistant to the pathogen than B. verrucosa. This difference in the susceptibility to the disease was established both through the pathogenicity experiments conducted and in the occurrence of the disease on drained peat. The difference in the capacity of the tree species in question to resist the disease is probably due to differences in their requirements on the site, and particularly, on its nutritional conditions ( cf. GuNNARSSON 1925 , KuJALA 1946 , 1964 SARVAS 1949) . Betula verrucosa is primarily known as a species growing on mineral soils, whereas B. pubescens is common also on peat. SARV AS ( 1948 ) established that seedlings of B. verrucosa appear on peaty sites, too, but in smaller numbers than those of B. pubescens, when comparing the numbers of seedlings occurring with the seed yields of the tree species in question. On peaty substrates in a natural state the seedling of B. verrucosa are probably destroyed at a rather early stage, as the birch stands occurring on peat are usually formed by B. pubescens alone. Godronia multispora and the disease caused by the fungus may be considered as one of the reasons for the destruction of Betula verrucosa seedlings growing on peat. In the case of the birch stands growing in the Kivisuo area Godronia multispora seemed to be one of the most important agents causing death to the young trees. Quite probadly the nuttiona! status of peat soils, which did not meet the requirements of B. verrucosa, led to such a weakening of the seedlings that infection by the pathogen became possible (cf. KuRKELA 1973).
Summary
Godronia multispora Groves (Helotiales) was found to occur on young birch trees (Betula verrucosa and B. pubescens) in various parts of Finland. Most frequently the fungus was found in young birch stands growing on peaty substrates or in paludified areas. Inoculations carried out with the hyphae of the fungus caused necrosis to the bark tissue of birches. Necrosis took place mainly · during the dormancy period of the trees. The patho-genicity tests performed indicated that B. pubescens is more resistant to the disease than B. verrucosa. In nature the disease was clearly more common in B. verrucosa than in B. pubescens.
A resistance reaction of the trees was the formation of secondary phellem around the infected tissue.
Topospora pycnidia of Godronia multispora were usually found in springtime from infected young birches. In the initials of the ascocarps that form during the summer, development of microconidia was found to take place. Similar microconidia are also formed in the fall from the ascospores of fully devel-oped ascocarps. Germination of the Topospora pycnidia was fastest at a temperature of 25°C. For the growth of germ tube and hyphae the optimum temperatures were 20°C and l5°C respectively.
